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Introduction
The remarkable gain in life expectancy in most developed countries is challenging for the medical community and for public health decision makers. For both men and women, life expectancy is steadily increasing and the population aged 80 years and over is expected to more than triple in 2060 [1] . Despite disparities among countries, the increased percentage of elderly individuals is largely due to a decrease in cardiovascular disease mortality in high income countries [2] . Consequently, the number of interventions performed in older patients is increasing. Moreover, in this specific population the presence of multiple comorbidities and chronic multiple drugs therapy make preoperative risk assessment crucial, though complex [1, 3] .
In cardiac surgery, the number of octogenarians has increased in the past 20 years and now represents more than 10 per cent of the cardiac surgical patients in developed countries. In this specific population at higher risk of major morbidity or mortality [4] , risk stratification is even more important since credible alternatives to conventional surgery such as transcatheter aortic valve implantation (TAVI) or percutaneous mitral edge-to-edge repair (MitraClip
Patient selection is nowadays based on both individual clinical judgment and the Heart Team, a standard of care [5] , which integrates current scoring systems, the original Euro-SCORE [6] 
(ES I) and Society of Thoracic Surgeons Predicted Risk of Mortality (STS PROM).
It has been demonstrated that the ES I [6] tended to overestimate mortality among high-risk cardiac surgery patients [7] . Consequently, a new scoring system, the EuroSCORE II (ES II), has been developed in order to achieve a better calibration [8] . Numerous studies of external validation have demonstrated that ES II achieved a good discrimination and an improved calibration except among patients with a predicted OM of more than 30 per cent [9, 10] . However, few studies have focused specifically on the predictive performance (PP) of the ES II among high risk patients and in the elderly.
The objective of this study was therefore to evaluate the discrimination and the calibration of the ES II in a contemporary cardiac surgical population and to compare its performance with the ES I among the overall population and the elderly, defined as ! 80 years old.
Material and methods

Study population and study design
The study population included all consecutive adult patients who underwent cardiac surgery with cardiopulmonary bypass (CPB) over a 7-year period between January 2006 and December 2012 (7161 patients enrolled) in our institution. Since 2006, patients, surgery characteristics as well as in-hospital outcomes were prospectively entered into an institutional database by trained research assistants (S1 Table) .
The study was approved by Bichat hospital Institutional Review Board ("Comité d'Evaluation des Projets de Recherche Biomédicale Paris Nord"; IRB 00006477). It waived the need for patient's informed consent because the data were analyzed anonymously. In accordance with the French Law, the registry was approved by the Advisory Committee for Information Processing in Health Research (Comité Consultatif sur le Traitement de l'Information en matière de Recherche dans le domaine de la Santé, Paris, France) and the French National Commission on Computing and Liberty (Commission Nationale Informatique et Liberté, Paris, France). Reporting of the study complies with the Strengthening the Reporting of Observational studies in Epidemiology recommendations statement for reporting. Although data were prospectively acquired for a research purpose, the study should be considered as a retrospective study.
Analyses were performed for all types of surgical procedures including emergency. The types of surgery were defined as follows: isolated coronary artery bypass (CABG), isolated valvular surgery or valvular surgery combined with CABG and other procedures.
The only exclusion criteria were patients less than 18 years old and cardiac transplantations.
The primary endpoint was in-hospital mortality. In-hospital mortality was defined as death occurring at any time in the hospital where the surgery was performed before discharge from hospital. The 30 days mortality was also recorded.
We analyzed separately the two subgroups of patients aged <80 and !80 years. Medical records of non survivors among the octogenarians were retrospectively assessed by two senior cardiac anesthesiologists to determine the causes of death. Causes of death were categorized in 3 groups according to timing, i.e. Group 1: Early complications (D0-D2), Group 2: Acute complications (D3-D15) and Group 3: Delayed complications (!D16). Definitions are given in Table 1 .
The ES I and the ES II values were calculated for each patient according to patient characteristics using published equations [6, 8] .
Statistical analysis
Results are expressed as mean ± SD, number (percentage). Comparisons of continuous variables used unpaired Wilcoxon tests and comparisons of discrete variables Chi-2 or Fisher exact tests. The performance of the ES models was analyzed focusing on discrimination and calibration. The discrimination performance indicates the extent to which the model distinguishes between patients who will die or survive. It was evaluated by constructing receiver operating characteristic curves for each model and calculating the area under the curve (AUC) with 95% confidence intervals (CI). Numerically, an area of 1.0 indicates the perfect discrimination power, whereas an area of 0.5 indicates no discrimination of the binary outcome.
Calibration refers to the agreement between observed and predicted in-hospital mortality. Overall model calibration was assessed by comparing observed and predicted mortality in 10 equally sized subgroups in increasing order of patient risk, according to the HL test for goodness of fit. A HL p values >0.05 indicates a well-calibrated model for the study population. Model calibration was also assessed using the observed/expected (O/E) mortality ratio. The 95% CI of O/E ratio was calculated using the Byar's method. An O/E ratio >1.0 indicates that the score underpredicts mortality and an O/E ratio <1.0 indicates that the score overpredicts mortality. The O/E ratio indicates good calibration if its 95% CI includes the value 1.0. Finally, model calibration was assessed visually according to the risk level by comparing predicted and observed mortality rates with 95% CI using calibration plots. Whereas the perfect calibrated prediction stays on the 45-degree line, a curve below or above the diagonal reflects overestimation and underestimation respectively. The P-value for statistical significance was 0.05. The statistical analyses were performed with SAS version 9.2 and SPSS version 19.0.
Results
General demographics
A total of 7161 consecutive patients were included in the study. Table 2 summarizes patient profile with demographics, co morbidities and procedures performed as defined by EuroSCORE algorithms among the entire cohort and for both study groups.
Body mass index (BMI) was calculated using the formula:
Creatinine Clearance as an estimate of Glomerular Filtration Rate (eGFR) was calculated using the Cockcroft-Gault formula: eGFRðml=minÞ ¼ ð140À ageðyearsÞÞ Â weightðkgÞ Â 0:85ðif femaleÞ=72 Â serum creatinineðmg=dLÞ eGFR was standardized for 1.73 m 2 of body surface area.
All the variables associated with mortality in the study of Nashef et al. [8] [age, sex, extracardiac arteriopathy, chronic lung disease, poor mobility, previous cardiac surgery, creatinine clearance, active endocarditis, critical preoperative state, left ventricular function, systolic pulmonary artery pressure, urgency and type of procedure] are included in Table 2 .
Results are given with the item "creatinine clearance" as proposed by the on-line Euro-SCORE interactive calculator.
The elderly group (age!80) embodying 832 patients had a higher prevalence of arterial hypertension, worse NYHA functional class and more frequent atrial fibrillation than those aged <80. They also had more previous chronic conditions such as malignancy, extra-cardiac arteriopathy, chronic pulmonary disease and previous stroke. Moreover, the only biological variable needed for ES II calculation, the creatinine clearance strongly differed between the two groups emphasizing the high prevalence of chronic kidney disease among the elderly. Finally, they differed from the younger patients by undergoing more frequently valvular surgery.
ES and mortality
Our in-hospital mortality rate was 5.7%, 5.2% and 9.4% in the overall population, in patients aged <80 and ! 80 respectively. The distribution of in-hospital mortality of the elderly according to the 3 groups of timing of deaths as defined in Table 1 was 25.6% (N = 20) in group 1 (mean ES II: 17.6±22.3), 38.4% (N = 30) in group 2 (mean ES II: 11.3±13.9) and 35.8% (N = 28) in group 3 (mean ES II: 24.1 ±28.2). Twelve patients (60%) in group 1 died in the operating room and 4 (15%) in group 3 died after withdrawal of care. Table 3 reports observed mortality and ES values of our patient cohort and according to age subgroups: For the whole cohort and the two subgroups (<80 and ! 80 respectively), there was a difference of nearly 1% between 30 day mortality and in-hospital mortality.
The mean values of ES I and ES II were 7.4±9.4 and 5.2±9.1 respectively for the whole cohort, 6.3±8.6 and 4.7±8.5 for the patients aged <80, 15.1±11.8 and 8.5±11.0 for the patients aged !80.
The ES I tended to overestimate in-hospital mortality among the whole cohort and for both study groups. There was in particular a strong overestimation of in-hospital mortality among the elderly.
Conversely, the predicted mortality of the ES II was close to the observed in-hospital mortality, even in the elderly. (Table 4) . Table 5 for the overall population and according to age groups.
Performance of EuroSCORE
Calibration. PP of the ES I and II is detailed in
Values of O/E ratio and their 95% CI show a significant over-prediction of in-hospital mortality with the ES I in the overall population and in both age groups. This is consistent with the highly significant p values of the HL test. Calibration was better with the ES II, as shown by the values of O/E ratio and the fact that 95% CI included 1.0, although HL test was significant in the overall population and in patients aged over 80.
The calibration plots are represented for the whole population and for both age study groups in Fig 2. The ES I shows a constant trend to over-prediction of in-hospital mortality, which is particularly marked in the high-risk group (predicted mortality >30%).
Conversely, the ES II had a better calibration than ES I. It had a tendency to under-estimate the in-hospital mortality but was otherwise close to the ideal diagonal except for the high-risk group. The best predictive performance of ES II was observed in patients aged<80 with a more satisfying calibration among all risk deciles, showing a good agreement between observed and predicted in-hospital mortality, which is consistent with O/E values and the non-significant HL test. Fig 1A) and for the two studied groups (Fig 1B: !80 and Fig 1C: <80) .
In patients aged over 80, calibration was better with ES II than ES I as assessed by O/E ratios and 95% CI, although HL test was significant with both ES I and ES II. There was better agreement between observed and predicted mortality, as illustrated by CI of calibration plots (Fig 2) when considering patients with a predicted operative mortality of < 10% that represented 653 patients (78.4%) of those ! 80.
Discussion
Cardiac surgery care providers are confronted with the constant increase of octogenarians in their daily practice, since such elderly patients represent almost 10% of their surgical procedures. Despite the increase in number of high-risk patients, the mortality rate has decreased, indicating an improvement in surgical, anesthetic and perioperative care.
Preoperative risk stratification of elderly patients is crucial because of medical, socio-economic and ethical considerations. Clearly, if the elderly are at higher risk of in-hospital complications and mortality [11] , they must no longer be denied for surgery on the isolated age criteria, even in case of complex or emergent surgery [12] [13] [14] . If they leave the hospital alive, they could expect a longer life expectancy, a high discharge home rate after appropriate cardiac rehabilitation, and a good quality of life [15, 16] .
Accurate risk prediction tools are essential because the elderly are more and more candidates for invasive procedures, except those with severe neurological or mental disorders or limited life expectancy. Credible therapeutic alternatives to conventional surgery such as percutaneous treatment of valvular heart disease are currently available. In the light of this recent evolution, accurate and objective information is mandatory for the patients and their families, guiding clinical decision making and, probably offering several choices to the intermediaterisk patients in a near future.
Obviously, a risk score should only be one of the components of the final decision. Europeans' recent guidelines privilege the clinical judgment of multidisciplinary heart team for the evaluation of high risk patients [17] . Nevertheless, multifactorial risk models developed through multiple logistic regression analyses have been proposed to improve risk prediction, (Fig 2A) and the two studied groups (Fig  2B: !80 and Fig 2C: <80) .
https://doi.org/10.1371/journal.pone.0187056.g002 mainly the STS Risk Score and the ES II and they are widely used to provide an individual assessment of OM and therefore contribute to decision making for surgery.
The term of reference for the ideal risk score should be the simplicity of use (restricted numbers of parameters) and a robust PP.
The Society of Thoracic Surgeons (STS) has developed risk models to predict mortality and morbidity for CABG, valve, and combined valve and CABG operations from a large multicenter dataset of patients. The STS risk is regularly updated and used an on-line risk calculator including a large number of covariates. Even though it is rather time consuming to calculate it for each patient, the STS score seems to be a more reliable tool to assess the OM of the high risk patient than the ES I [18] .
The ES II scoring system [8] was derived from a multicenter database of more than 20000 consecutive patients. It replaced the previous version elaborated 15 years earlier, for which poor calibration was demonstrated when it was applied to contemporary data sets. As recently reported [9, 19, 20] , the ES II achieves good discrimination for OM but a lower calibration for high-risk surgery. Interestingly, Barili et al. [9] reported a high discriminatory power (0.82, 95% CI: 0.80-0.85) similar to the previous original version, and an optimal calibration up to 30%-predicted mortality.
Ours results are close to the discrimination values reported by Barili et al. with an AUC of 0.79 for the ES I and 0.80 for the ES II and 0.80 for the ES I and 0.81 for the ES II for the whole population and the patients aged<80 respectively.
At the age of 80 or more, we also report moderate discrimination of ES II with an AUC below 0.70 and a fair calibration (assessed with calibration plot) without improvement between ES I and ES II.
In a recent paper Poullis et al. [21] underlined an unacceptably low c-statistic index (<0.70) in patients aged !70 for both ES I and ES II but a good calibration regardless of age. For the first time, the authors choose not to sub-analyze by operation type but specifically by age, as we did.
However, we thought it would be better to focus on the elderly patients with a higher cutoff value for age (! 80 in our study as compared to ! 70 in their analysis). Although there are commonly used definitions of old age, there is no general consensus regarding the age at which a person becomes old.
Clearly, the first conclusion that could be drawn from our results and those of the literature is that the ES II has a poor PP among the octogenarians, as the others high-risk subjects [9, 20, 22] .
What reasons could be put forward to explain such a failure of risk scoring among the elderly?
Experts explain this lack of performance by the fact that octogenarians are underrepresented in contemporary dataset with patients' characteristics and operative techniques moving over time [17] . Moreover, specifics risks factors (extensive ascending aortic or valvular calcifications, tissue fragility) among the elderly have relevant impact on OM, but are not applicable to the general population. We could speculate that the high rate of patients (more than 25%) who died in the operating theater or very soon thereafter from direct surgical causes illustrate these unpredictable risks.
Finally, assessment of cognitive and functional capacity and indices of frailty are not evaluated by current risk scores. Recent works [23] have shown the negative impact on mortality of what is currently named the "frailty phenotype". Preoperative evaluation with validated indices is mandated and is one of the components of the Heart Team specifications' [5] .
Does that mean that all octogenarians (or more) need such a complex and, on a practical point of view, time consuming evaluation?
First of all, in order to assess all the calibration properties of the ES II system, we performed a graphical representation of O/E mortality by deciles of predicted probability (HL goodnessof-fit test, Fig 2) for the whole population and for the two age groups (<80 and !80). Using the same graphical representation, Barili et al. evidenced an optimal calibration until 30%-predicted mortality. Our results slightly differ from those of Barili in our specific elderly population: miscalibration of ES II is mainly observed when considering patients with a predicted OM of more than 10 percent (that is 20% of our population). In octogenarians, ES II provides a reliable estimation of OM, provided it is < 10%, which represents the vast majority of candidates to surgery.
To summarize clinical judgment and risk score calculation would be sufficient for the lowintermediary risk patients. Finally, further studies are needed to investigate if biological variables (such as hemoglobin level [24] , serum albumin and high sensitivity C-reactive protein [25] ) used as surrogate markers of frailty could add to the PP of the ES II.
Limitations
The main limitations of our study are its retrospective and single-center nature. Furthermore, our results may not represent general practice or outcomes: we have to admit the dynamic nature of the outcome and its dependency on perioperative factors, which are modifiable in experts' hands. Our institutional in-hospital mortality rate was 5.7%, very close to the predicted mortality rate expected by the ES II (5.17%), higher than those of previous studies [8, 9, 22] but similar to that of a recent Spanish cohort [26] , reflecting a much higher risk profile population.
This monocentric study insures the quality and the exhaustiveness of data collection particularly concerning the mortality rate. Our results differ from those previously reported in the ES II study: for the three study groups, we report a gap of 1% between 30 day mortality and inhospital mortality for the whole population and, of 2% among the elderly, with in-hospital mortality being superior to the 30 days mortality. This raises question about the way in which the mortality was recorded for the ES II study, (the death in the hospital where the operation took place being the outcome measure) and the robustness of their observed mortality rate. A recent editorial underlines the crucial issue of a precise definition of such named OM among studies, for benchmarking between different cardiac surgical centers [27] .
Conclusion
The ES II has a better PP than the ES I in patients aged< 80. Its discrimination and calibration are less satisfying in patients aged!80, showing an overestimation in the elderly at very highsurgical risk. Nevertheless, it shows an acceptable calibration until 10%-predicted mortality and could be used for the low-intermediate risk octogenarians, who represent the majority of patients in this age group. The poor discrimination and calibration of the ES II in very highrisk patients ! 80 should be an incentive to use the ES values with extreme caution when taking medical decision (e.g. TAVI versus conventional surgery) or informing the patients/ families. 
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